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ABSTRACT: 

The invention relates to an apparatus (2) for assessing the stiffness of a sheet (4), such as a 
currency note, by measuring the extent and rate of movement of the trailing edge of the sheet (4) 
away from a feed path for the sheet Such movement is part of a straightening movement of the 
sheet (4) upon disengagement of the trailing edge from constraining means (34) when a leading 
portion of the sheet (4) is in a bent condition. 
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(3) Apparatus for assessing the stiffness of a sheet 

@ The invention relates to an apparatus (2) for assessing the stiffness of a sheet (4), such as a currency 
note, by measuring the extent and rate of movement of the trailing edge of the sheet (4) away from a 
feed path for the sheet Such movement is part of a straightening movement of the sheet (4) upon 
disengagement of the trailing edge from constraining means (34) when a leading portion of the sheet (4) 
is in a bent condition. 
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The present Invention relates to an apparatus for 
assessing the stiffness of a sheet and more particu- 
larly, but not exclusively, to an apparatus for asses- 
sing tho stiffness or crfspness of paps? sheets such as 
currency notes. 

Prior to tho loading of currency notes Into cur- 
rency cassettes for use wflh ATMs it is important to 
scr&an the currency ncteo to detect their condition. In 
particular there is a requirement to detect and reject 
currency notes having holes, voids, soBIng or having 
attachments such as tape or staples. It is also Import- 
ant to detect whether or not a currency note has the 
neoessary degree of stiffness or crispness for satis- 
factory handling by a cash dispensing mechanism, 
and, if it does not the currency note should be rejec- 
ted to ensure that it is not loaded into a currency cas- 
sette. 

An apparatus for determining the condition of cur- 
rency notes by assessing their stiffness is disclosed 
in European Patent Application No. 0073133. This 
prior art apparatus determines the condition of a cur- 
rency note on the basis of the noise made by the cur- 
rency note as it is bent around a bobbin-shaped drum. 
This prior art technique has the disadvantage that, as 
a result of noise interference, incorrect determi- 
nations of the stiffness of currency notes may bo 
made. A further disadvantage of the prior art 
apparatus is that the deformation and crinkling of tho 
currency notes as they are passed round the bobbin- 
shaped drum tend to produce wear of the currency 
notes, which is contrary to the normal objective of pre- 
serving servlcaWe currency. 

An object of the present Invention is to provide an 
apparatus for determining the stiffness of a sheet, 
such as a currency note, utilizing a high speed and 
accurate sheet handling arrangement for determining 
its stiffness whOst overcoming the disadvantages of 
the prior art apparatus. 

According to the invention there is provided an 
apparatus for assessing the stiffness of a sheet 
including conveying means for conveying said sheet 
along a feed path to bending means for providing a 
curvature in said sheet, characterized by constraining 
means for constraining the trailing edge of said sheet 
to move along said fe©d path until said curvature has 
been imparted to at least a portion of said sheet and 
untO said trailing edge has moved past a predeter- 
mined location along said feed path, sensing means 
arranged for detecting movement of said trailing edge 
away from said feed path after said trailing edge has 
moved past said predetermined location, and data 
processing means for assessing the stiffness of said 
sheet In response to the output of said sensing 
means. 

The present invention wG) now be described by 
way of example with reference to the accompanying 
drawings in which: 

Fig. 1 is a schematic side elevationalvfew of quo* 



of an apparatus in accordance with one embodi- 
ment of the invention, the apparatus having a cur- 
rency note therein restrained from movement 
away from a feed path for the note; 
5 Fig. 2 is a view similar to Fig.1 showing in chain 
lines the position of a crisp currency note at suc- 
cessive equal time intervals after its trailing edge 
has travelled beyond note constraining means; 
Fig.3 is a diagram illustrating the signal outputs 
10 received from photosensing means for the crisp 
currency note shown in FJg.2; 
Fig.4 is a view similar to Fig.1 showing in chain 
lines the position of a Itmp currency note at suc- 
cessive equal time intervals after its trailing edge 
15 has travelled beyond the constraining means; 

Rg.5 is a diagram illustrating the signal outputs 
received from the photosensing means for the 
limp currency note shown in Fig.4; 
Fcg.8 is a schematic side elevational view of part 
of an apparatus in accordance with a further 
embodiment of the invention, the apparatus hav- 
ing a currency note therein restrained from move- 
ment away from the feed path; 
Fig.7 is a block diagram illustrating the electrical 
interconnections of an apparatus in eccordanc© 
with the invention associated with reject gate 
actuating means; and 

Fig. 8 is a block diagram illustrating the features of 
a currency cassette loading system incorporating 
an apparatus in accordance with the Invention. 
Referring to Figa.1 and 6, the apparatus 2 shown 
in Fig.1 farms part of a limp note detect apparatus 08 
in accordance with the invention, which in turn forms 
part of a currency cassette loading system shown in 
Rg.S. Hie currency cassette loading system also 
Includes a note picker mechanism 61 and a multi-note 
detection system 64 both of which are located 
upstream of the apparatus 2. The note picker 
mechanism 61 is arranged to pick currency notes from 
a stack of such notes and feed them along a belt and 
pulley transport mechanism to the multi-note detec- 
tion station 64 which determines whether or not the 
currency notes are being fed sequentially and indivi- 
dually to the apparatus Z The other features of the 
currency cassette loading system wfll be described 
later with reference to Ftg.8. 

The apparatus 2 includes a belt and pulley trans- 
port mechanism Including first and second endless 
bdta 6, 8 each of which passes around respective pul- 
leys 10, 12 and 14, 16 mounted on respective shafts 
18, 20, 22, 24. The top generally horizontal surface of 
the endless belt 6 defines a feed path for a currency 
note 4 extending from right to left in the direction of 
arrow A as shown cnFfg.1. An idler roller 26 mounted 
on a shaft 28 is arranged to rotate In factional engage- 
ment with the top surface of the endless belt 6 to 
define therebetween an entry nip through which the 
currency note 4 is fed into the apparatus 2. The roller 
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26 i8 disposed immediately above the pulley 12 and 
the shaft 28 is mounted in parallel relationship with the 
shaft 20. A further idler roller 30 is mounted on a shaft 
32 located downstream of the pulley 26, the roller 30 
also being arranged to rotate in frictional engagement 
with the top surface of the endless belt 6 b define 
therebetween a further nip through which the currency 
note 4 must pass on its journey along the feed path. 
It should be understood that each of the pulleys 10, 
12, 14 and 16 comprises a series of separate pulleys 
spaced apart along the respective shaft 18, 20, 22 or 
24, and each of the endless belts 6,8 comprises a 
series of separate belts each of which passes around 
a respective pair of pulleys. Similarly, each of the rol- 
lers 26 and 30 comprises a series of separate rollers 
spaced apart along the respective shaft 28 or 32. 

A steel plate-like member 34 having a bent por- 
tion 36 is mounted adjacent the roller 30. The portion 
36 is arranged to be spaced slightly above, and In par- 
allel relationship to, the top surface of the belt 6 so that 
the end 38 of the portion 36 is located slightly down- 
stream of the nip defined between the roller 30 and the 
top surface of the belt 6. By this arrangement the por- 
tion 36 serves as a constraining member for const- 
raining the trailing edge of the currency note 4 so that 
it continues to move along the feed path, as shown in 
Fig.1, until the trailing edge has moved past the end 
38 of the portion 36. Optical sensing means compris- 
ing an LED 40 and a cooperating phototransistor sen- 
sor 42 are mounted a short predetermined distance 
upstream of the end 38 for the purpose of sensing the 
trailing edge of the currency note 4 as It Is fed from the 
entry nip of the belt 6 and the roller 26 towards the rol- 
ler 30 along the feed path. 

The first and second endless belts 6, 8 are moun- 
ted in cooperative relationship at a location further 
downstream along the feed path and are arranged to 
grip the leading edge of the currency note 4 so as to 
feed it around a portion of the perimeter of the pulley 
10 thereby imparting a curvature to the currency note 
4. In Fig.1 the curved leading edge portion of the cur- 
rency note 4 is identified generally by the letter B. 

Further optical sensing means comprising a light 
source 44 and a cooperating photodfode array 46 are 
mounted above the top surface of the belt 6 for the 
purpose of sensing upward movement of the trailing 
edge of the currency note 4 after it has moved past the 
edge 38. In Fig.1 the photodiode array 46 is shown to 
comprise a linear arrangement of six equispaced 
photodiodes P1 , P2, P3, P4, P5 and P6. 

A timing disc 48 is mounted on one end of the 
shaft 20 to rotate therewith and is associated with an 
optical sensing means shown generally as numeral 
50. The signals generated from the optical sensing 
means 50 comprise a series of timing pulses which 
are spaced apart by predetermined time intervals, 
determined by the speed of rotation of the shaft 20 
and hence representative of the speed of movement 



of the currency note 4 along the feed path. These tim- 
ing pulses are applied to data processing means 62 
(Fig.7), and are used by the data processing means 
62, in cooperation with a (railing edge detection signal 
5 from the sensor 42 which is also applied to the data 
processing means 62, to determine the exact time 
when the trailing edge of the currency note 4 reaches 
a position along the feed path beneath the end 38. 
The apparatus 2 of Fig.1 Is also shown in Fig.2. 
10 In Fig.2 there are shown by chain lines the positions 
of the currency note 4 at successive equal time Inter- 
vals after its trailing edge has travelled along the feed 
path past the edge 38, it being assumed that the note 
4 is in a new or good condition. After passage of the 
1 5 trailing edge of the currency note 4 beyond the edge 
38, the end portion of the currency note 4, being that 
portion which has not yet been gripped between the 
first and second endless belts 6, 8, moves in an anti- 
clockwise direction away from the endless belt 6 as 
20 part of a straightening movement of the currency note 
4. The extent to which the end portion of the currency 
note 4 moves away from the endless belt 6 (i.e. away 
from the feed path) in an anticlockwise direction, as 
well as the rate of such movement, Is dependent on 
25 the upwardly acting force which was imparted to that 
end portion just prior to the passage of the trailing 
edge beyond the edge 38 along the feed path. The 
upwardly acting force is dependent on the crispness 
or stiffness of the currency note 4 and hence the 
so extent and rate of movement of the end portion of the 
currency note 4 in an anticlockwise direction away 
from the endless belt 6 is dependent on the crispness 
or stiffness of the currency note 4. 

The anticlockwise rotation of the end portion of 
35 the crisp currency note 4 as illustrated in Fig.2 finishes 
when the end portion hits the surface of the endless 
belt 8. During the anticlockwise rotation of the end 
portion of the currency note 4, its trailing edge sweeps 
out an upward path sequentially blocking off the light 
40 reaching each of the photodiodes PI, P2, P3, P4 and 
P5 from the light source 44. The light from the light 
source 44 is eventually received again by each of the 
photodiodes P5, P4, P3, P2 and P1 in turn as the trail- 
ing edge of the currency note 4 is steadily pulled down 
46 towards the pulley 10. The output signals from the 
photodiodes P1, P2, P3, P4, P5 and P6 are applied 
to the data processing means 62, the signals gener- 
ated by the photodiodes during the anticlockwise rota- 
tion of the end portion of the crisp currency note 4 
50 being illustrated in Fig.3. A trailing edge sensor pulse 
from the phototransistor sensor 42 is transmitted to 
the data processing means 62 as the trailing edge of 
the currency note 4 passes beyond the sensor 42 in 
its passage along the feed path. The transmission of 
55 the traling edge sensor pulse defines a reference 
point shown as 0 from which timing pulses received 
from the sensing means 50, referred to in Fig.3 as the 
timing disc sensor, are counted. The speed of the 
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endless belt 4 b ouch that after transmission of throe 
consecutive timing pulses torn the sensing means 50 
the trafling edge of the currency note 4 passes beyond 
the edge 38 along the feed path. The trailing edge of 
the currency note 4 moves in en anticlockwise direo- 5 
tion and in so doing cuts of? the light to each of the 
photodiodea PI, P2, P3, P4 and P5 in turn until the 
trailing edge is fed downwardly around the pufiley 10. 
As shown in Fig.3 photodiode 1 has the light from the 
light source 44 cut off for the longest period whilst the 10 
photodiode 5 has tho light cut off for the shortest 
period. Light from the light source 44 continuously 
illuminates the photodiode P6 during the anticlock- 
wise movement of the trailing edge of the note 4. The 
data processing means 62 processes the signals 13 
received from the photodiodes PI , P2. P3 ( P4. P5 and 
P6 to determine not only the number of photodiodes 
which have had their light cut off but also to calculate 
with reference to the timing pulses from the timing disc 
sensor 50 the speed of movement of tho trailing edge 20 
along its swept out path. 

In Fig.4 there are shown by chain lines the posi- 
tions of the currency note 4 at successive equal time 
intervals after its trailing edge has moved past the 
edge 38, it being assumed that the note 4 is limp or In 28 
bad condition. In this instance the currency note 4 has 
very little stiffness and consequently after its trafling 
edge has cleared the edge 38 the spring effect acting 
on the end portion is only sufficient to move the trafling 
edge upwardly to cut off the light to photodiode P1. 30 
Light from the light source 44 continues to illuminate 
the other photodiodes P2, P3, P4, P5, and P6. Fig.5 
shows that the only change in Illumination detected is 
for the photodiode 1, and the data processing means 
62 will assess the currency note 4 as being too limp 33 
and therefore to be rejected as being unsuitable for 
loading into a currency cassette. 

(Referring to Fig.6, the apparatus 2 shown therein 
is identical to that illustrated In Flg.1 except for the 
inclusion in Fig.6 of an aa jet nozzle 52. The air jet co 
nozzle 52 is disposed above the top surface of the 
endless belt 6 and & arranged to direct a controlled air 
jet downwardly onto the currency notes 4 as they pass 
along their feed path beyond the edge 38. By the use 
of the controlled air Jet a partial opposing force is <J5 
applied to the trafling portion of the currency note 4 
thereby providing a means of controlling its upwsrt 
anticlockwise movement The provision of the control- 
led air jet is an aid in some instances during the Initial 
calibration of the apparatus 2 and also enables the 80 
apparatus 2 to handle and determine the stiffness of 
a wide variety of currency notes or like sheet mate- 
rids. 

Referring to Fig. 7 the trailing edge sensor 42 pro- 
vides an output pulse to the data processing means as 
62 when the trailing edge of the currency note 4 has 
been sensed by sensor 42. This output pulse causes 
the data processing means 62 to begin counting the 



timing pulses generated by the timing disc sensor 50. 
Following movement of the trafling edge of the cur- 
rency note 4 past the edge 38, one or more of the 
photodiodes PI. P2, P3, P4, P5 and P6 apply a pulse 
to the data processing means 62, the number of 
pulses applied being dependent on the number of 
photodiodes to which light has been blocked by the 
trailing edge of the currency note 4. The data proces- 
sing means 62 processes the data received pertain- 
ing to the number of photodiodes which have had their 
light blocked, and also the number of timing pulses 
counted between the reference point 0 and the instant 
when each photodiodo in turn (possibly only one 
photodiode) was blocked of its light. The larger the 
number of photodiodes which have had their light 
blocked the stiffer is the currency note 4. Also the fas- 
ter the movement of the traBing edge of the currency 
note 4 away from the feed path the stiffer is the cur- 
rency note 4. In this connection, it should bo under- 
stood that the smaller the number of timing pulses 
counted between the instant that the trailing edge of 
the note 4 moves past the edge 38 (reference polrtt 3 
in Rgs.3 and 5) and the instant that light to a particular 
photodiode is blocked, then the faster is the rate of 
movement of the trailing edge of the note 4 away from 
the feed path. The data processing moans 62 is 
arranged to determine whether or not the note 4 
moots predetermined stiffness criteria, these criteria 
being based on the number of photodiodes to which 
light is blocked by the note 4, and the rate at which the 
trailing edge of the note moves away from the feed 
path. If the data processing means 62 finds that the 
note 4 faQs to meet these criteria then It sends an 
actuating pulse to a reject gate actuating means 56 
(Fig.7). Referring to Fig.3 there shown only one tim- 
ing pulse between the reference point 3 and the 
instant when the trailing edge of the currency note 4 
blocks of? the light to the first photodiode P1. This is 
representative of a much stiffer currency note 4 than 
that recorded by the results shown in Fig.5. In "Fig.5 
there are shown five timing pulses between the refer- 
ence point 3 and the instant when the trailing edge of 
the note 4 blocks of? the light to the first photodiode 
P1. 

Referring to Fig.8 there is shown in block form a 
currency cassette loading system incorporating the 
limp note detect apparatus 68 In accordance with the 
present invention. The limp note detect apparatus 68 
is located downstream of the note picker mechanism 
61 and the multi-note detection station 64 tho func- 
tions of which have been described earlier. Currency 
notes 4 which have been determined by the data pro- 
cessing means 62 as having a stiffness not meeting 
required criteria are diverted by a gate 67 to a reject 
container 68. Currency notes meeting the required 
criteria are transported via the gats 67 to a detector 
70 which detects the presence of staples of other 
attachments to the currency notes 4. It should be 
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understood that the gate 67 is settable to a first posi- 
tion in which it permits notes to pass to the detector 
70 or to a second position in which it diverts notes to 
the reject container 68 under the control of the reject 
gate actuating means 56 (Fig.7), operation of the 5 
actuating means 56 being controlled by output signals 
from the data processing means 62. After passing 
them through the detector 70, currency notes are then 
fed in turn through a detector 72 which detect crinkles, 
through a detector 74 which detects holes, voids and i o 
folds, and through a detector 76 which detects the 
denomination value of the notes, if the currency notes 
are found to be unacceptable by any of the detectors 
70, 72 and 74 or one of the wrong denomination by the 
detector 76 they are transported along a branch line is 
to a further reject container 80. Otherwise they are 
loaded into a currency cassette 78. 



(4) meets predetermined stiffness criteria. 

4. An apparatus (2) as claimed In claim 3 to 4, 
characterized by second sensing means (40, 42) 
responsive to passage of said trailing edge past 
a sensing location upstream of said predeter- 
mined location along said feed path for providing 
a reference timing signal to said data processing 
means (62). 

5. An apparatus (2) as claimed in claim 4, charac- 
terized by third sensing means (50) arranged for 
transmitting to said data processing means (62) 
timing pulses which are spaced apart by predeter- 
mined time intervals representative of the speed 
of movement of said sheet (4) along said feed 
path. 



Claims 
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1. An apparatus (2) for assessing the stiffness of a 
sheet (4) including conveying means for convey- 
ing said sheet along a feed path to bending 
means (6, 6, 10) for providing a curvature in said 25 
sheet (4), characterized by constraining means 
(34) for constraining the trailing edge of said 
sheet (4) to move along said feed path until said 
curvature has been imparted to at least a portion 
of said sheet (4) and until said trailing edge has 30 
moved past a predetermined location along said 
feed path, sensing means (44, 46) arranged for 
detecting movement of said trailing edge away 
from said feed path after said trailing edge has 
moved past said predetermined location, and 35 
data processing means (62) for assessing the 
stiffness of said sheet (4) in response to the out- 
put of said sensing means (44, 46). 

2. An apparatus (2) as claimed in claim 1, charac- 40 
terized in the said sensing means (44, 46) 
includes a light source (44) and a cooperating 
array of optical sensors (46) which are coupled to 
said data processing means (62) and which are 
arranged relative to said feed path whereby 45 
movement of said trailing edge away from said 
feed path temporarily blocks off the light reaching 

at least one of said optical sensors, the number 
of optical sensors (46) to which light is blocked 
being dependent on the stiffness of said sheet bo 

3. An apparatus as claimed in claim 2, characterized 
in that said data processing means (62) is 
arranged to process data pertaining to the num- 
ber of optical sensors (46) to which light Is 55 
blocked and the rate of movement of said traling 
edge away from said feed path to provide an out- 
put signal indicative of whether or not said sheet 



6. An apparatus (2) as claimed in any one of claims 
1 to 5, characterized in that said bending means 
(6, 8, 10) includes first and second cooperating 
endless belts (6, 8) arranged to feed said sheet 
(4) around a portion of the perimeter of pulley 
means (10) thereby imparting said curvature to 
said sheet (4). 

7. An apparatus (2) as claimed in claim 6, charac- 
terized in that said constraining means (34) is a 
plate member (34) arranged adjacent a surface of 
said first endless belt (6) to define therebetween 
part of the feed path for said sheet (4). 

8. An apparatus (2) as claimed in claim 6 or claim 7, 
characterized in that said conveying means 
includes said first endless belt (6) and roller 
means (26) arranged to be in rolling contact with 
said sheet (4) during its passage along said feed 
path. 

». An apparatus (2) as claimed in any one of claims 
1 to 8, characterized by air jet means (52) 
arranged for directing a controlled air jet onto said 
sheet (4) to provide a force on said sheet (4) to 
oppose partially the movement of said tailing 
edge away from said feed path. 

10. A currency cassette loading system, charac- 
terized by an apparatus as claimed In any one of 
claims 3 to 5, and gate means (67) settable to a 
first position for directing a currency note (4) 
which has passed through said apparatus to a 
currency cassette (78) for loading therein, or to a 
second position for directing said currency note to 
reject container means (68), said output signal 
from said data processing means (82) serving to 
control the setting of said gate means (67). 
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